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Introduction
In a novel contribution, Acemoglu and Johnson (2007, hereafter AJ) find that increases in life expectancy (LE) arising from the epidemiological revolution of the 1940s could not raise income per capita. The study's instrumental-variables (IVs) estimates confirm the diminishing effects of LE on income per capita (IPC). Contrasting an extensive body of work (Azariadis and Drazen, 1990; Durlauf and Johnson, 1995; Cervellati and Sunde, 2011) , AJ's identification strategy assumed a linear LE effect on economic growth (IPC). Desbordes (2011) , in attempting to improve on the functional form model specification in the AJ study, tested the non-linear effects of LE on IPC by including a log-transformed quadratic term (log INC 2 ) in the economic growth equation.
However, the log transformation is also a restricted form nested in a more flexible specification.
Therefore, this paper proposes specification and estimation of the parametrically richer Box-Cox (Box and Cox, 1964) power family model, where the left and right hand side variables of interest are transformed with different transformation exponents. The variance stabilizing Box-Cox methodology normalizes the regression model residuals (Greene, 2011) and several studies (Okunade, 1992; Jones, 2017) confirm its usefulness for reducing functional form specification error. Moreover, there are recent calls in the social sciences for more replication studies (Camerer, Dreber and Forsell, 2016) to test robustness of empirical research and policy suggestions (Hamermesh, 2017; Kiri, Lacetera and Zirulia, 2018) . However, Begley and Ioannidis (2015) caution investigators on the complexities inherent in replication. Replication in economics and allied business disciplines (Hubbard and Vetter, 1996) , in the broad or narrow sense (Pesaran, 2003) , can advance reliability of scientific discourse from a social welfare and policy viewpoint (Kiri, Lacetera and Zirulia, 2018) . Therefore, we first replicate two major studies on the effects of life expectancy on economic growth in 47 countries, then propose and estimate the more flexible Box-Cox (FBC) functional form model to test robustness.
This study results reveal highly statistically significant parameter estimates of the non-linear FBC model. Second, the new findings from the FBC empirical modeling strategy incorporating the quadratic life expectancy effect yields -0.87 estimate (statistically significant) of the life expectancy elasticity of per capita income. This contrasts sharply with the -1.32, -9.44, and -10.83 elasticity estimates from the replicated past studies (see, Table 1 ). Third, the new findings reject the restricted functional form models in past work. Finally, these findings caution applied economists on the importance of selecting appropriate estimating functional form models.
Material, Methods, Results and Discussion
Using 1940-1980 data covering 47 countries at different stages of development and panel data modelling, AJ's original paper specified and empirically estimated the equation: ln ( ) )* = -+ / ln ( ) )* + ) + * + )*
where, IPC is income per capita and LE is the life expectancy of country at time , respectively.
Moreover, η = and κ ? are country and time specific fixed effects and φ =? is the idiosyncratic error term. It is worth mentioning that first-differenced or fixed effects estimators provide similar results given that there are two time periods while a log-difference estimation is equivalent to AJ's IV method. Replication study findings are important in scientific economics discourse (Hamermesh, 2017) . We first replicate (col. 1, Table 1 ) AJ's IV results using their dataset. The time-invariant instrument is an interaction term constructed by the dates of disease-specific global intervention and country-specific disease prevalence. The IV results affirm the negative effects of LE on IPC.
Desbordes (2011) improved on the AJ model specification by incorporating the quadratic term 1 of the LE variable and tested 2 its effect on IPC. Desbordes (2011) estimated the equation
For comparison with estimates of our proposed model, we also replicate and report results using the Desbordes (2011) model in columns (2) and (3) of Table 1 of the present paper. The statistically significant and positive coefficient estimate of the quadratic term in Eq.
(2) confirms that LE has a negative effect on economic growth until reaching a threshold point after which the impact on per capita income is positive. The Ordinary Least Squares (OLS) estimates in Desbordes (2011) are homologous to the IV model results. Maximum likelihood (ML) parameter estimates of our FBC model results are in column 4, Table 1 .
This study tests for possible existence of a parametrically richer and more flexible functional form for capturing the nonlinear effects of LE on IPC, by proposing for estimation an a priori more FBC power transformation model. This modelling strategy has several strengths compared with higher-order polynomial models of the Gaussian family. First, unlike the restrictive log-log model, the FBC model is a straightforward method for determining more precisely the degree of nonlinearity through (left hand side) and (right hand side) transformation exponents to yield flexible estimates of the non-linearity effect in the data generation process (Greene, 2011 where, the dependent variable and independent variable of interest are transformed using and parameters, respectively. The preferred FBC model estimates (column (4), Table 1) Study findings suggest some public policy measures to strengthen economic growth when life expectancy is high and rising. First, the adverse effect of higher life expectancy on economic growth could be reduced through improved immigration policies targeting the relatively younger and well-educated unemployed and underemployed migrants from other countries. Second, as in post-war Japan (Johansson and Mosk, 1987) , greater and more effective public health investments could raise healthy life expectancy years and productivity of the ageing workforce. Third, gradual softening of mandatory retirement laws could raise workforce participation and economic growth.
Summary and Conclusion
This paper revisits the life expectancy effects on economic growth using the dataset on 47 countries in Acemoglu and Johnson (2007) and Desbordes (2011) 
